A B S T R A C T The noncytotoxic immunosuppressive substance detected in crude extracellular products of Streptococcus intermedius (CEP-Si) was fractionated by two steps of preparative isoelectric focusing in sucrose gradients using ampholytes of pH range from 3.5 to 6 and 4 to 5, respectively. The in vitro and in vivo suppressor effects of the most highly purified fraction of CEP-Si, designated fraction 3' (F3'EP-Si), corresponded well with those of the original CEP-Si. F3'EP-Si was sensitive to the effects of alpha, gammia, and delta chymotrypsin, trypsin, and heating. It contained -1% of the total amount of protein found in the original CEP-Si, corresponding to a single band on analytical isoelectric focusing, stainable by Coomassie Blue and of isoelectric point of 4.25. The absorption spectrum of F3'EP-Si had a maximum at 260 nm but its biological activity was resistant to deoxyribonuclease and ribonuclease A and it did not contain mlaterial stainable by methylene blue. It was also resistant to neuraminidase and did not contain material stainable by periodic acid Schiff. We conclude that the substance responsible for the suppressor activity of CEPSi is a protein of molecular weight -90,000, which adheres to Sephadex or cellulose acetate and forms complexes with other, nonactive constituents of
INTRODUCTION
We recently reported that crude extracellular products of Streptococcus intermedius (CEP-Si)l contain an extremely powerful noncytotoxic immunosuppressor substance(s) active both in vivo and in vitro (1) . We compared the behavior ofCEP-Si with other previously described noncytotoxic immunosuppressor substances obtained from microorganisms such as streptococcal extracts (2) , streptococcal lipoteichoic acid (3) , and bacterial enzymes like L-asparaginase (4), L-glutaminase (5) , and ribonuclease (6); we concluded that CEP-Si was different from these substances mainly in the time-course of its effects and in the possible specificity of the resulting immunosuppression in relation to the stimulant. Other differences between the in vivo and in vitro effects of CEP-Si and both lipoteiochoic acid and streptococcal extracts were also demonstrated, and preliminary results on the purification of CEP-Si were reported (1) . We have now confirmed our preliminary results, and in this report we describe the biochemical characteristics of the highly purified immuinosuppressive material obtained from CEP-Si.
METHODS
Extracellular products of Streptococcus intermledius. S. initerniedius was cultured and CEP-Si was obtained by the proceduires described previously in detail (1, 7) . 1 Abbreviationis uised in this pap)er: CEP-Si, Streptococcus initerintedius; MLC, mixed lymphocyte cultures; PHA, phytohemagglutinin; SDS-PAGE, sodium dodecyl sulphate-polyacrylamide gel electrophoresis; SRBC, sheep erythrocytes; TEMED, N,N,N',N'-tetramethylenediamine.
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[3H]Thymidine uptake by human mononuclear cells. Peripheral blood mononuclear cells from six different donors were obtained from defibrinated blood after centrifugation on a gradient of Ficoll (Pharmacia Fine Chemicals Inc., Piscataway, N. J.) and metrizoate by the method of Boyum (8) and cultured, as described previously (1) , according to the method of Du Bois et al. (9) in minimal essential medium (Gibco Diagnostics Laboratories, Lawrence, Mass.) supplemented with 20% fresh heat-inactivated human AB serum and antibiotics. Cultures were pulsed with 0.5 uCi[3H]-thymidine 24 h before harvesting, which occurred usually after 3 d in cultures stimulated with phytohemagglutinin (PHA, Gibco Diagnostics Laboratories) and after 6 d in unstimulated cultures or in cultures of bidirectional histoincompatible mixed lymphocyte cultures (MLC). In some experiments, however, cultures stimulated with PHA were harvested at different intervals. CEP-Si or its subfractions were added at the beginning of the MLC or of unstimulated cultures and at different intervals in the case of PHA-stimulated cultures. The suppressor effects of the most purified subfraction on both PHA-and MLC-stimulated cultures were estimated by means of the mathematical formulas described previously (1) . On the basis of these questions, 1 U of PHA or MLC biological activity was considered the amount of suppressor substance producing a 50% reduction in [3H]-thymidine uptake as compared with controls (PHA-or MLCstimulated cultures without CEP-Si or its subfractions) (see Fig. 3 ).
Immunization of human mononuclear cells against sheep erythrocytes. Immunization of human mononuclear cells was assayed using the in vitro assay of human antibodyproducing cells against sheep erythrocytes (SRBC) with costimulation by mitomycin-treated histoincompatible leukocytes as originally described by Fauci and Pratt (10, 11) and as exhaustively reported before (1) . The effects of CEPSi and of its most punified subfraction were tested by addition of different amounts at the beginning of the cultures. Direct plaque-forming cells were assessed using a slight modification of the method of Jeme and Nordin (12) , as also described previously in detail (1) .
In vivo assays of semipurified and purified fractions of CEP-Si. The methodology for in vivo assays was as described earlier (1) . Briefly, C57BL/6 mice 6 wk old were injected with 5,000 U of MLC biological activity of each CEPSi subfraction on days -2 and +2, i.e., 2 d before and after the administration of SRBC to the mice. The primary immune response to SRBC was assessed 5 d after immunization by means of the direct hemolytic plaque assay performed as above. Preparative The ampholytes and sucrose were removed from the fractions by dialysis against a large volume of 1% glycine solution, followed by two steps of vacuum dialysis of the samples, which were diluted with 50 vol of minimal essential medium before each step. After vacuum dialysis, the CEP-Si fractions were reconstituted up to the same volume as the original samples of the unfractionated crude material.
Alternatively, preparative isoelectric focusing of CEP-Si was performed in layers of granulated gels according to Radola (14) , using Sephadex G-75 (Ultrodex, LKB Instruments) also with ampholyte concentration of 2% (wt/vol) and a pH gradient of 3.5-6, prepared as described above. After the run the gel was cut, using a fractionating grid, and the fractions were eluted with phosphate buffer ( Analysis of CEP-Si and its most purified active fraction (F3'EP-Si). Analytical isoelectric focusing was performed with a pH gradient of 4-6 on samples of unpurified CEP-Si and its most purified fraction, F3'EP-Si. For this purpose, samples of 10 ,l of CEP-Si and F3'EP-Si (the latter concentrated four-or tenfold were applied to polyacrylamide gels, which were made of acrylamide, N,N'-methylenebisacrylamide (BDH Chemicals Ltd., Poole, England), and sucrose (Polysciences, Inc.) mixed so that the final parameters of the gel were T = 5% and C = 3% (15) . Carrier ampholyte solution (LKB Instruments, 1809-116) was used at a final concentration of 2% (wt/vol) in a 0.8-mm thick gel, and the gel was polymerized with a final concentration of 1% ammonium persulfate (BDH Chemicals) (16, 17) . The anode and cathode solutions were the same as those used for preparative purposes (see above). The run took 3 h, starting with a voltage of 300, which was gradually increased up to 800 V by means of a Camag power supply (Camag, Inc., New Berlin, Wis.) and LKB 2117 Multiphor equipment. Alternatively, a sample of the most purified fraction of CEP-Si, containing 50 ,ug protein, was applied on cellular acetate strips and cellulose acetate electrophoresis was performed according to the method of Kohn (18) .
Both polyacrylamide gels and cellulose acetate strips were stained with Coomassie Brilliant Blue R (19) , and the cellulose acetate strips were also stained with methylene blue (20) . In some instances pH measurements were made on unstained acrylamide gels; in this event, gel slices of 10 x 5 mm were cut, the constituents were eluted with 1 ml distilled water, and the pH of the eluted solution was measured. Also in some cases the CEP-Si fraction containing the suppressor activity was electrophoretically eluted from the slices by the method of Thang et al. (21) .
For additional analysis of F3'EP-Si, an aliquot of this
Immunosuppressor Substance of Streptococcus intermedius 295 fraction containing 100 jig protein was applied on a small spot of a strip of Whatman 1 filter paper (Whatman, Inc., Clifton, N. J.), and the possible presence of glycoproteins was checked by periodic-acid Schiff stain. As positive and negative controls for the staining procedures, 25 ,ug dextran (Sigma Chemical Co.),or glycogen (Merck & Co., Rahway, N. J.) and 100 gg purified human albumin were used.
Molecular weight determination of the Coomassiestainable material in F3'EP-Si. The molecular weight of the Coomassie-stainable material detected in F3'EP-Si was determined by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) as described by Weber and Osborn (22) , using SDS from Sigma Chemical Co. and a 5% polyacrylamide gel. The samples consisted of CEP-Si, F3'EP-Si 10 times concentrated, and 50 ,ug of protein and controls which consisted of purified human albumin, ovalbumin, and chymotrypsinogen (Sigma Chemical Co.; 66,000, 43,000, and 27,000 mol wt, respectively), treated with 1% (vol/wt) SDS and mixed with Bromphenol blue, and layered over the gels.
To determine whether the biological activity of CEP-Si was related to the Coomassie-stainable material detected in F3'EP-Si, the mobilities of both were compared with the mobilities of the same proteins used as controls on SDS-PAGE, in Davis and Omstein's classical PAGE (23, 24) performed with 5% and 7% polyacrylamide gels with and without a pre-run of 2 h (to remove excess N,N,N',N,-tetramethylenediamine [TEMED] ). After electrophoresis of either F3'EP-Si or CEP-Si, the gels were cut longitudinally in two halves, one of which was stained with Coomassie Blue and the other sliced. The constituents of the slices were eluted by electrophoresis as above, by the method of Thang et al. (21) , and then tested for their effects on [3H]thymidine uptake by PHA-stimulated cultures of human peripheral blood mononuclear cells. The relative mobility of both the Coomassie-stainable material and the biological activity of F3'EP-Si in the 5 and 7.5% gels, as compared with controls, allowed the determination of its molecular weight by the method of Thorum and Maurer (25 
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Arala-Chaves, Porto, Arnaud, Saraiva, Geada, Patrick, and Fudenberg The immune suppressor activity was found in F3'. This fraction contained 15 ,ug/ml protein, or -1% of the protein concentration in the original CEP-Si preparation. It was designated F3' of extracellular products of S. itntermedius, (F3'EP-Si) and contained roughly 8,400 and 11,200 U/ml of PHA and MLC biological activity, respectively (Fig. 3) , which meanis that 1 ng of protein of F3'EP-Si was equivalent to 0.56 and to 0.75 U of PHA and MLC biological activity, respectively.
The equIcations representinig the mathlemiati cal estimiiationis of the suppressive effects of F3'EP-Si and CEP-Si on 1)oth PHA-anid MLC-stimuitilated ctulttires fit perfectly (Fig. 3) . Moreover, in both cases the values of [3H]thymidine uptake by mononuclear cells stimulated with PHA aind supplemented with inhibitor (CEP-Si or F3'EP-Si) initially followed control values, reached a maximum, dropped abruptly, and started to increase again later on. Also in both cases, the abrupt inhibition and the later proliferation of the mononuclear cells occurred sooner when more biological units of the preparation were added to the cultures. The suppressive effects of both preparations increased in proportion to the time of contact with the target cells, and their effects on the suppression of human anti-SRBC plaque formation in vitro were similar (Fig.  4) . Moreover, the suppressor effects of F3'EP-Si, as in the case of CEP-Si, were more evident on MLCthan on PHA-stimulated cells and more on highly stimulated cells than on poorly stimulated ones (Fig. 3 , Table I culin was found to have an isoelectric point of 4.5-5, whereas the fraction able to suppress only antigenstimulated cultures (MLC or purified protein derivative of tuberculin) had a 3.5-4 PI. Only in vivo suppressor activity was found in the first fraction (4.5-5), and the amount of this activity varied considerably from batch to batch of CEP-Si. The antigen-specific suppressor effects were also always greater in this fraction than in the second fraction (3.5-4) . Biochemical analysis of F3'EP-Si. The absorption spectrum of F3'EP-Si, read between 240 and 370 nm, indicated maximum optical density at 260 nm (Fig. 5) . As shown in Fig. 6A, F3 'EP-Si was quite sensitive to the proteolytic activity of alpha, delta, and gamma chymotrypsin (in the order alpha > gamma > delta) and somewhat less sensitive to the action of trypsin. It was resistant to neuroaminidase, DNase, and RNase but extremely sensitive to heating. Its activity was reduced after incubation at 37°C for 24 h, almost destroyed by incubation for 1 h at 560C, and totally destroyed by incubation at 700C for 1 h (Fig. 6B) . F3'EP-Si contained only one Coomassie-stainable protein band detectable by isoelectric focusing, with a 4.25 PI (Fig. 7A) . This band remained at the starting point after electrophoresis on cellulose acetate strips. No material stainable by methylene blue or periodic-acid Schiff was detected in F3'EP-Si. Immuno. . . t . ' , ' ' + . . Molecular weight of the Coomassie-stainable material in F3 'EP-Si and results of polyacrylamide disc electrophoresis of F3'EP-Si and CEP-Si. The molecular weight of the Cooinassie-stainable material in F3'EP-Si detected by SDS-PAGE was calculated at 80,000 (Fig. 7B) . On the other hand, calculations based on the relative mobility in 5 and 7.5% polyacrylamide gels of both the Coomassie-stainable material and its biological activity indicated a 95,000 mol wt. It must be noted, however, that unlike the case of isoelectric focusing, a rather smaller second band of nonactive material of 39,000 mol wt was also detected after a first step of SDS-PAGE using high amounts of F3'EP-Si, i.e., 10 times more concentrated than the original CEP-Si. This band represents most likely, substances with the same isoelectric point as the active product but with different molecular weight as it can be observed in Fig. 7 The most likely explanation for these observations is the "sticky" nature of the biologically active component of CEP-Si. Indeed, the biological activity of CEP-Si was not recovered when preparative isoelectric focusing was performed with Sephadex G-75 as support. The active substance adhered to cellulose acetate strips, as F3'EP-Si renmained at the starting point after electrophoresis, and did not penetrate into 5% acrylamide gels when TEMED was used or when the excess of this catalyzer was not removed from the gels by a preliminary electrophoretic run. It is likely that the suppressor component of CEP-Si ailso binds to other nonactive contaminant substances in the crude preparation, forming complexes that are dissociated by electrophoresis and have electric charges that are the combination of those exhibited by the different components. This would explain why two discontinuous fractionis of CEP-Si with biological activity were consistently obtained after the first step of isoelectric focusing, as well as the observation that when CEP-Si was first stubmitted to polyacrylatmide gel electrophoresis, the suppressor activity was eluted from a wide region of the polyacrylamide gel, and when the eluate was pooled and submitted to further electrophoresis, the activity was found in aI narrower and more aniodal region. This latter observation suggests, indeed, that an original complex containing the suippressor molecule was dissociated by electrophoresis, and thus this molecuile after the secon-id run exhibits either a different electric charge, or lower molecular weight, or 1)oth.
The absorption maximumiini of F3'EP-Si wais at 260 nm, suggesting the presence of nucleotides, buit its activity was resistant to DNase anid RNase and it was not stainable by methylene blue. Also, the involvemeint of polysaccharides in the suppressor nmolecule was not denmonstrated as the activity was resistanit to netiraminidase and there was no material stainable by periodic-acid Schiff in the active fraction. We tentttively coniclude that the suppressor effects of CEP-Si are (lue to a protein nmaterial, since it was sensitive to chyrnotrypsin, trypsin, and heating and since the most purified fractioni contained Coonmassie-stainable material. This fraction focuised as a single band on SDS-PAGE and on analytical isoelectric focusing. Phenylalanine is an aromatic amino acid that sticks to Sephadex and cellulose with adhesive properties dependent on electrostatic conditionis (28) (29) (30) , and has an absorbance maximum at 260 nim. Therefore, we assume that the iiimunosuppressor factor is a protein of roughly 90,000( mol wt, probably with phenylalanine as one of its macjor conistituents and that a UnIit of PHA biological activity caln be equivalenlt to ani aimount of this protein-as low as 2 ing.
